Abstract
Methods and results
In 28,628 patients prospectively enrolled in the GARFIELD-AF registry with 2-year followup, we aimed at analysing: (1) the variables influencing outcomes; (2) the extent of implementation of guideline-recommended therapies in comorbidities that strongly affect outcomes. Median (IQR) age was 71.0 (63.0 to 78.0) years, 44 .4% of patients were female, median (IQR) CHA 2 DS 2 -VASc score was 3.0 (2.0 to 4.0); 63.3% of patients were on anticoagulants (ACs) with or without antiplatelet (AP) therapy, 24.5% AP monotherapy, and 12.2% no antithrombotic therapy. At 2 years, rates (95% CI) of death, stroke/SE, and major bleeding were 3.84 (3.68; 4.02), 1.27 (1.18; 1.38), and 0.71 (0.64; 0.79) per 100 personyears. Age, history of stroke/SE, vascular disease (VascD), and chronic kidney disease (CKD) were associated with the risks of all three outcomes. Congestive heart failure (CHF) was associated with the risks of death and stroke/SE. Smoking, non-paroxysmal forms of a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Atrial fibrillation (AF), the most frequent of all sustained cardiac arrhythmias, is associated with increased risk of death, stroke/systemic embolism (SE), and bleeding. Currently recommended management approaches include rhythm and/or rate control, and anticoagulation for the prevention of stroke/SE in at-risk patients without contraindication [1, 2] . We previously showed in the Global Anticoagulant Registry in the FIELD-Atrial Fibrillation (GARFIEL-D-AF) registry that at 2-year follow-up, death was the most frequent major adverse event, occurring at a much higher rate than stroke/SE or major bleeding [3] . Stroke-related death accounted for less than 10% of all causes of death.
In this report, we analyse at 2-year follow-up the outcomes of 28,628 patients with newly diagnosed AF recruited in the first three cohorts of GARFIELD-AF, with two objectives. The primary objective was to identify the variables associated with the risks of all three major outcome measures, namely death, stroke/SE and bleeding, particularly those linked to modifiable risk factors. The secondary objective was to assess compliance with guidelines as regards drug prescription in comorbidities identified to strongly affect outcomes, namely congestive heart failure (CHF), vascular disease (VascD), and chronic kidney disease (CKD) [4] [5] [6] .
Methods
The design of the GARFIELD-AF registry was reported previously [7, 8] . Briefly, men and women aged !18 years with non-valvular AF diagnosed according to standard local procedures within the previous 6 weeks, and with at least one non-prespecified risk factor for stroke as judged by the investigator, were eligible for inclusion [8] .
Patients were enrolled prospectively and consecutively. Investigator sites were selected randomly (apart from 18 sites) and represent the different care settings in each participating country (office-based practice; hospital departments including neurology, cardiology, geriatrics, internal medicine and emergency; anticoagulation clinics; and general or family practice) [7, 8] .
Ethics statement
Independent ethics committee and hospital-based institutional review board approvals were obtained. A list of central ethics committees and regulatory authorities that provided approval can be found in S2 File. Additional approvals were obtained from individual study sites. The registry is being conducted in accordance with the principles of the Declaration of Helsinki, local regulatory requirements, and the International Conference on Harmonisation-Good Pharmacoepidemiological and Clinical Practice guidelines. Written informed consent is obtained from all study participants. Confidentiality and anonymity of all patients recruited into this registry are maintained.
Procedures and outcome measures
Baseline characteristics collected at inclusion in the registry included medical history, care setting, type of AF, date and method of diagnosis, symptoms, antithrombotic treatment (vitamin K antagonists [VKAs], non-vitamin K antagonist oral anticoagulants [NOACs] , and antiplatelet [AP] treatment), as well as all cardiovascular drugs. Race was classified by the investigator in agreement with the patient [8] . Data on components of the CHA 2 DS 2 -VASc and HAS-BLED risk stratification schemes were collected to assess the risks of stroke and bleeding retrospectively. HAS-BLED scores were calculated excluding fluctuations in international normalised ratio.
Collection of follow-up data occurred at 4-monthly intervals up to 24 months [7, 8] . Standardised definitions for clinical events have been reported previously [7, 8] . In brief, baseline characteristics and treatments, and the incidence of death (cardiovascular and non-cardiovascular), stroke/SE, and bleeding were recorded. Submitted data were examined for completeness and accuracy by the coordinating centre (Thrombosis Research Institute, London, UK), and data queries were sent to study sites. GARFIELD-AF data are captured using an electronic case report form (eCRF). In accordance with the study protocol, 20% of all eCRFs are monitored against source documentation [9] .
Data for the analysis in this report were extracted from the study database on 28 July 2016.
Definitions
VascD included peripheral artery disease or coronary artery disease with a history of acute coronary syndromes (ACS). CKD was classified according to National Kidney Foundation guidelines into two groups: moderate-to-severe (stages 3-5), or mild (stages 1 and 2) or none [6] . CHF was defined as current/prior history of CHF or left ventricular ejection fraction of <40%. Guideline-recommended therapies included angiotensin-converting enzyme (ACE) inhibitors/angiotensin receptor blockers (ARBs), betablockers, aldosterone blockade, and loop diuretics for CHF; aspirin (ASA), statins, ACE inhibitors/ARBs, and betablockers for VascD; and ACE inhibitors/ARBs for CKD.
Statistical analysis
Continuous variables are expressed as median (interquartile range, IQR) and categorical variables as frequency and percentage. Baseline rates of prescription of guideline-recommended drugs in CHF, VascD, and CKD are displayed with the baseline rate of prescription of anticoagulants (ACs).
Differences in medians were tested using the Wilcoxon rank-sum (Mann-Whitney) test. Differences in proportions were tested using the two-sample test of proportion. Trends were assessed using an extension of the Wilcoxon rank-sum test.
Occurrence of major clinical outcomes is expressed as person-time event rates (per 100 person-years) and 95% confidence intervals (CIs). Person-year rates were estimated using a Poisson model with the number of events as the dependent variable and the log of time as an offset, i.e., a covariate with a known coefficient of 1. Only the first occurrence of events was taken into account. Hazard ratios (HRs) and 95% CIs were estimated using a proportional hazards Cox model based on five imputed datasets. The imputed datasets were created by the Multiple Imputation by Chained Equations (MICE) algorithm [10, 11] . The proportional hazard assumption was assessed visually using plots of the survivor function. 
Results

Study population
The study population comprised 28,628 prospective patients with AF enrolled in GARFIEL-D-AF between March 2010 and October 2014 and followed for 2 years. Patients came from 1048 study sites representative of routine practice in each of 32 countries. Two-year follow-up was achieved in 91% of patients. At baseline, the median (IQR) age was 71.0 (63.0 to 78.0) years and 44.4% of patients were female. The median (IQR) CHA 2 DS 2 -VASc and HAS-BLED scores were 3.0 (2.0 to 4.0) and 1.0 (1.0 to 2.0), respectively. Other baseline characteristics are shown in Table 1 . At diagnosis of AF, 63.3% of patients were prescribed AC therapy (46.3% VKAs and 17.0% NOACs, with or without APs), 24.5% received AP monotherapy, and 12.2% received no AC or AP therapy.
Baseline therapies
In patients with CHF, the rates of prescription of guideline-recommended therapies were no drug in 11.7%, one drug in 25.1%, two drugs in 33.6%, three drugs in 23.3%, and four drugs in 6.4% of patients (Table 2 ). These figures were not affected by the heart failure stage (New York Heart Association I-II vs III-IV).
In patients with VascD, the rates of prescription of guideline-recommended therapies were no drug in 6.0%, one drug in 17.0%, two drugs in 28.9%, three drugs in 31.7%, and four drugs in 16.4% (Table 2) .
Details about guideline-recommended drugs for both CHF and VascD are in Table 3 .
Of the patients with CKD, 36.1% were prescribed ACE inhibitors/ARBs, drugs that may slow the rate of kidney function deterioration.
Clinical outcomes
During 2-year follow-up, the rates (95% CI) of all-cause mortality, stroke/SE, and major bleeding (first occurrences) were 3.84 (3.68; 4.02), 1.27 (1.18; 1.38), and 0.71 (0.64, 0.79) per 100 person-years, respectively (Table 4) . Cardiovascular death occurred at a rate of 1.46 (1.36; 1.57) per 100 person-years and constituted 37.9% of deaths (Tables 4 and 5 ). Non-cardiovascular death occurred at a rate of 1.44 (1.34; 1.55) per 100-person-years and represented 37.4% of deaths (Tables 4 and 5 ). The most frequent known causes of death were CHF (12.1% of all deaths) and malignancy (11.1% of all deaths) ( Table 5) .
Of the strokes occurring during follow-up, 70.6% were primary ischaemic, 10.6% were primary intracerebral haemorrhages, and 18.9% were undetermined (Table 5 ). Bleeding events were more likely to be non-major clinically relevant (57.7%) than major (42.3%), and a minority were fatal (6.9%; Table 5 ). The rates (95% CI) of myocardial infarction/ACS and of new onset or worsening of CHF during follow-up were 0.68 (0.61; 0.75) and 1.96 (1.84; 2.08) per 100 person-years, respectively (Table 4) .
Factors influencing outcomes
After adjustment, the following baseline variables were found to be significantly associated with a higher risk of death: age, 'other race' (vs Caucasian/Hispanic/Latino), smoking, diabetes mellitus, history of stroke/TIA/SE, history of bleeding, cardiac failure, VascD, moderate-tosevere renal disease, and non-paroxysmal forms of AF (Fig 1A) . The variables associated with a higher risk of stroke/SE were: age, female sex, 'other race' (vs Caucasian/Hispanic/Latino), history of stroke/TIA/SE, CHF, VascD, moderate-to-severe renal disease, and heavy alcohol consumption (Fig 1B) . Age, VascD, moderate-to-severe renal disease, and AC treatment were independently associated with a higher risk of major bleeding (Fig 1C) . In addition, we observed a trend of increased risk of major bleeding with increasing alcohol consumption (p<0.0001), and a substantial but not statistically significant increase in bleeding risk with previous or current smoking.
Asians had significantly lower risks of death and major bleeding compared with Caucasian/ Hispanic/Latino patients, but they also had a lower rate of comorbidities, particularly CKD (7.5% vs 11.09%, p<0.0001), and a significantly lower age (median [IQR] 69 [60-70] vs 72 [64-79]; p<0.0001). AC treatment was associated with lower risks of death and stroke/SE and a higher risk of major bleeding. History of hypertension and pattern of AF were not associated with a higher risk of stroke/SE.
The rates of death, stroke/SE, and major bleeding increased progressively with increasing grades of the CHA 2 DS 2 -VASc scoring scheme (Table 6 ).
Discussion
Many reports have identified the variables associated with outcomes in AF, both in terms of stroke/SE and bleeding, but less frequently death and its causes [12] [13] [14] [15] [16] . This study is novel in addressing the variables that influence the risks of all three major outcome measures in a large, global, prospective registry of newly diagnosed AF. It confirms prior observations from a report based on a smaller cohort of the GARFIELD-AF registry with similar baseline characteristics and follow-up. We found that death was the most frequent adverse event, occurring at threefold the rate of stroke/SE and fivefold the rate of major bleeding [3] . Cardiovascular and non-cardiovascular causes of death occurred at a similar rate. Stroke accounted for less than 5% of all deaths. The most frequent causes of death were CHF, sudden death, ACS, malignancy, respiratory failure, and sepsis. Newly diagnosed AF appears to be both a marker of unfavourable outcome linked to underlying comorbidities and a worsening factor of some comorbidities such as CHF, ACS, and respiratory failure, which might be affected by the haemodynamic alterations and the embolic complications linked to AF [3, 17] . The relationships between different variables and the risks of all-cause mortality, stroke/SE, and major bleeding are summarised in Fig 2. Four variables were associated with higher risks of all three major outcome measures, namely older age, history of stroke/TIA, VascD, and Risk factors for outcomes in atrial fibrillation CKD. The first three variables are established predictors of stroke, and are components of the most widely used risk assessment scheme CHA 2 DS 2 -VASc. Though CKD is not a component of the CHA 2 DS 2 -VASc score, it has a strong influence on the risks of stroke/SE, bleeding, and death [12, 14, 16, [18] [19] [20] . CHF, also a component of CHA 2 DS 2 -VASc, was associated with higher risks of both death and stroke/SE. Two variables were associated with a higher risk of death only, namely smoking and history of bleeding. Non-paroxysmal forms of AF were also associated with a higher risk of death, but not of stroke/SE compared with paroxysmal AF. In previous reports from randomised controlled trials and registries, non-paroxysmal forms of AF were consistently reported to be associated with a higher risk of death, but with various findings as regards the risk of stroke/SE [13, [21] [22] [23] [24] . Diabetes was also associated with a higher risk of death but was only marginally associated with a higher risk of stroke/SE. Adequate blood glucose balance, shown to prevent the occurrence of microvascular complications and to a lesser extent cardiovascular complications, may explain the lack of association of diabetes with the risk of stroke/SE [25, 26] .
Some variables considered to be risk factors were only marginally associated with the risk of events or had a neutral effect, for example, history of hypertension. One may assume that history of hypertension as reported by the investigators in over 70% of the population implies that adequate control of blood pressure was achieved in these patients. We may hypothesise that this may have prevented remodelling of the heart chambers. Interestingly, 7.5% of patients included in GARFIELD-AF had uncontrolled hypertension (systolic blood pressure >160 mmHg). This subset of patients had a higher risk of stroke/SE but not of death or bleeding compared to patients without high blood pressure (HR 1.73, 95% CI 1.37 to 2.18).
AC was associated with substantially lower risks of all-cause death (30% lower risk in AC patients compared with non-AC patients) and stroke/SE (28% lower risk in patients receiving AC compared with those not receiving AC), and with a 52% higher risk of bleeding compared with no AC treatment. Reduction in mortality in association with anticoagulation may have been due, in part, to prevention of thromboembolism in patients with CHF, sepsis, respiratory failure, or cancer [3] .
In contrast, Asian race was associated with lower risks of death and bleeding, without an excess of stroke/SE compared with non-Asian races. Conflicting observations were previously reported on this issue with the risks of death, stroke/SE, and bleeding found to be identical or higher in Asians compared to non-Asians [27, 28] . In this report, these observations may be due to confounding factors despite adjustment, as these patients were at lower risk than nonAsian patients, as shown by their younger median age, lower rate of comorbidities, particularly CKD, and lower CHA 2 DS 2 -VASc score. In addition, in some Asian countries, physicians routinely target a lower INR than in other regions, resulting in a significantly lower risk of bleeding compared with non-Asian patients, yet with no excess risk of stroke/SE [29, 30] .
Overall, two messages arise from this report. Firstly, several variables are linked to the risk of one or more outcome measures. So far, the therapeutic approach recommended for the management of AF emphasises rhythm and/or rate control and anticoagulation administered in at-risk patients without contraindication. The decision for treatment is based on clinical judgment and assessment of the risks of stroke/SE and bleeding using clinical risk scores, most commonly CHA 2 DS 2 -VASc and HAS-BLED. Biomarker-based scores like the recently described ABC score [31] cannot be used in a non-interventional registry, as blood sampling is an intervention. In addition, this approach does not consider the most important risk for patients with AF, namely the risk of death. Therefore, the tools used to assess risks need to be revisited as many variables shown to have an impact on outcome are not included in the commonly used risk scores, and because the risk of death is not considered. For that reason, a new scoring system addressing the risks of all three major outcome measures at once, namely death, stroke/SE and bleeding, derived from a larger cohort may prove useful for clinicians. Such a tool is under development using a larger GARFIELD-AF population as derivation cohort and will be tested on an external validation cohort.
Secondly, this study shows that the comorbidities that strongly affect outcomes are undertreated in at least one-third of patients with newly diagnosed AF. All comorbidities shown to have an impact on outcomes should be addressed. In this regard, aggressive management of CHF, CKD, and VascD and their risk factors, as well as smoking and drinking cessation, should be strongly advocated. Strikingly, patients with comorbidities associated with the risk of two or all three outcome measures, namely CHF, VascD, and CKD, are undertreated if we consider the rates of prescription of guideline-recommended therapies. In patients with CHF, depending on the New York Heart Association (NYHA) class, up to four drugs may be needed [5] . Our data show that irrespective of the NYHA class, at least half of the patients were receiving a maximum of two drugs. In patients with VascD who should receive long term four pharmacological classes, more than half of them were receiving a maximum of two [32] . Undertreatment has commonly been reported in various settings [33] [34] [35] [36] [37] . The situation for CKD is more difficult to analyse, as the prescription of ACE/ARB is not unanimously recommended and implemented, and is mostly driven by comorbidities [38, 39] . On the other hand, implementation of guideline-recommended therapies was shown to improve outcomes, particularly in CHF and ACS [40] [41] [42] [43] [44] . Whether aggressive management of comorbidities in newonset AF has a favourable impact on outcomes is not yet known. Only controlled randomised trials comparing strict and lenient management strategies, and to some extent real-life prospective registries such as GARFIELD-AF may help to answer this question.
Study limitations
We focused on three variables only when assessing the prescription rates of guideline-recommended therapies. We cannot assume that our observations are valid for other variables. We did not differentiate between CHF with preserved or reduced ejection fraction. In addition, the collection of data on drug prescriptions in patients with CHF, VascD, and CKD may be suboptimal since GARFIELD-AF is a study on patients with AF, and not specifically on these entities.
Conclusions
Death is the most frequent adverse event in newly diagnosed AF, occurring at threefold the rate of stroke/SE and fivefold the rate of major bleeding. Many modifiable variables have an influence on the risk of one or more major outcome measures, particularly CHF, VascD, and CKD, whose management seems suboptimal as regards the prescription of guideline-recommended drugs in routine practice. Based upon these observations, we advocate for comprehensive management of newly diagnosed AF, particularly the implementation of guidelinerecommended therapies in CHF, VascD, and CKD, in addition to anticoagulation. Registries like GARFIELD-AF may help to elucidate the causes of under treatment and to assess the impact on outcomes of aggressive management of the most influential comorbidities. 
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